Abstract-Edge detection is the vital task in digital image processing. It makes the image segmentation and pattern recognition more comfort. It also helps for object detection. There are many edge detectors available for pre-processing in computer vision. But, Canny, Sobel, Laplacian of Gaussian (LoG), Robert's and Prewitt are most applied algorithms. This paper compares each of these operators by the manner of checking Peak signal to Noise Ratio (PSNR) and Mean Squared Error (MSE) of resultant image. It evaluates the performance of each algorithm with Matlab and Java. The set of four universally standardized test images are used for the experimentation. The PSNR and MSE results are numeric values, based on that, performance of algorithms identified. The time required for each algorithm to detect edges is also documented. After the Experimentation, Canny operator found as the best among others in edge detection accuracy.
I. INTRODUCTION
Edge is the property of high intensity pixel and its immediate neighborhood in the images. So, the shape of the image object is decided by its edges. Edges are used in image analysis for discovering region boundaries. Brightness of image is the major property to compute its edges. In some cases, Image gradient function also applied to calculate. The edge detector eliminates discontinued or independent pixels. Beginning of identical intensity valued pixels was marked for results. If a finder has capable of detect edges without discontinuity, then it succeeds.
A line may be viewed as an edge segment, in which the intensity of the background on either side of the line is either much higher or much lower than the intensity of the line pixels. The duty of edge detectors is to determine and effectively acquire the line which is in the exact location of the image edge. An edge detection algorithm consists of sequence of steps to get a digital image, calculate intensity, highlight border of regions [1] . Moreover, each algorithm having its own specified approach to detection, so results may vary when plotting the lines. The notable edge detectors are Sobel, Canny, Laplacian of Gaussian, Prewitt, and Roberts. These edge detection operators are unique in the manner of derivatives, localization, and magnitude. Comparing these said operators on the basis of accuracy in results, edge continuity, noise level, edge relevancy, processing time etc. In noise level, two metric standards are universally followed, Mean Squared Error (MSE), and Peak Signal to Noise Ratio (PSNR).
Normally, The Mean Square Error (MSE) and the Peak Signal to Noise Ratio (PSNR) are used in Image Compression. But, here it is used to compare image edge detection quality. The MSE represents the cumulative squared error between the edge detected and the original image, and PSNR represents a measure of the peak error [2] . Compare edge detection operators with common image, if an operator gives resultant image with less PSNR and high MSE, then come to the conclusion that, operator has high edge detection capability. This paper experiments edge detection of images with the Peak Signal to Noise Ratio. This paper proposes an effective comparison of eminent edge detection operators based on the PSNR and MSE. The approach results ranks of analyzed operators by capability of producing accurate edges to determine object boundaries.
II. EDGE DETECTORS
Edge detection is the significant process in computer vision and image processing, so it is essential to consider the edge detection operators [3] , [4] . An edge is a rapid change in the pixel intensity of the image. It comprises the critical characteristics and important features of an image. Such rapid changes are detected by using first and second order derivatives. An edge is a boundary between the object and its background. The goal of every detector is to avoid false edges and detected edges should closest to true edges [5] . It plots continuous points on the edges of the virtual boundary between two objects. Segmentation done based on this operation, which makes separate identical boundaries.
The edge is established by the sequence of activities, they called in a combined form i.e. Edge Model. A method to justify edges of image content noted as edge detectors. The Fig. 1 exposes three stages of edge detection and transformation, first part shows the ideal edge image with two entirely different intensity valued regions. When we convert it into histogram, attain shown line (looks like digital wave), the successor stage modeled sloping surface between two regions, final stage modeled by the thickness and sharpness properties, it flows on the base pixel value [6] .
Fig. 1 Edge transforming Model
These basic model used in most of the well-known edge detection algorithms, but with some additional unique tasks. Even though each algorithm results on same image, they provided uncommon results. One effective way to compare these algorithms is as used in image compression techniques. This paper compares five famous edge detection operators based on the PSNR.
A. Sobel operator
This gradient based operator has two convolution 3X3 matrices (kernels), one estimate gradient x axis i.e. rows and another one evaluates y axis slop, which are columns [7] . This algorithm based on first derivative convolution, analyses derivatives and computes the gradient of the image intensity at every point, and then it gives the direction to increase the image intensity at each point from light to dark. It plots the edges at the points where the gradient is highest. The Fig. 2 shows two matrices and , where G is gradient, x and y are horizontal and vertical mask axis respectively. These and are combined to find the gradient at each point.
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Where, | | denotes gradient and are particular gradient magnitude of image.
B. Canny operator
The eminent algorithm uses four major processes to achieve virtual boundary of a digital image. Smoothing, derivation, maxima finding, and thresholding are those operations. First process makes the image smooth for performing successive second task derivative of Gaussian; third process is to get maxima after derivation. Final task of canny operator is hysteresis thresholding. The accomplishment of this Gaussian-based operator is why because of its low error rate and well localization of edge points. In addition to that, it provides solo edges. To attain the said feature, smoothing is done. Two level thresholding are followed in this approach, the weak edges are included in the edge map only if it is connected with strong edge lines.
C. Laplacian of Gaussian (LoG)
It looks for zero crossings in the second derivative after filtering with the Laplacian of Gaussian filter [8] , [9] . The first process is convolving the image by LoG that involves two operations, smoothing and computes Laplacian (highlights rapid intensity changes), which gives two edge lines; from that first derivative, to find the zero crossings. The LoG is also known as Mexican hat operator. The Fig. 3 shows second derivative of image that has derived from the original image by the first derivative. The first derivative provides highest edge pixels, when transposing it to second derivative, all those extremes become zeros. It is much easier to find zeros than other highest values.
D. Prewitt operator
The Prewitt operator is like sobel, gradient based operator which estimates first derivative. It uses 3x3 The Fig. 4 shows the 3 x 3 kernels of Prewitt operator, it uses first derivative to find gradient.
E. Robert's cross operator
The simple approximation to gradient magnitude based operator provides 2x2 neighborhood of the current pixel. Its convolution masks are, The Fig. 5 shows two matrices and , where G is gradient, x and y are horizontal and vertical mask axis.
III. METHODOLOGY
The performance evaluation of edge detections algorithms are accomplished by detection of true edges, processing time, error ratio, and noise level etc. here, the paper compares five famous edge detectors with the MSE and PSNR.
First, edge detection of test images is performed by applying all selected algorithms using Matlab software. The second stage is to calculate PSNR and MSE between each resultant edge detected image and ground truth image using java program.
A. Mean Squared Error
The MSE incorporates degradation function and statistical characteristics of noise in the edge detected image. It measures the average squared difference between the estimator and the parameter. MSE specifies the average difference of the pixels throughout the original ground truth image with edge detected image. The higher MSE indicates a greater difference between the original and processed image [10] . The objective of MSE is to find ̂o f the edge detected image with f input image.
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Where, I1 is original image, I2 is edge detected image, m and n are height and width of the image respectively. The MSE should be less, when you processing with image restoration, reconstruction and compression. But, in terms of image edge detection, the Mean Squared Error could be higher to ensure it found more edge points on the image and also it capable of detect weak edge points.
B. Peak Signal to Noise Ratio
Peak signal-to-noise ratio, is ratio between the maximum possible power of a signal and the power of corrupting noise that affects the fidelity of its representation. The PSNR usually expressed in terms of the decibel (dB) scale. PSNR is a rough estimation to human perception of reconstruction quality [11] . Although a higher PSNR generally indicates that the reconstruction is of higher quality in image compression. But in some cases like edge detection PSNR should lesser to achieve proper results. The PSNR calculated based on the MSE by, ( ) R is the maximal variation in the input image data. If it has an 8-bit unsigned integer data type, R is 255.
IV. EXPERIMENT
The experiment is done to compare five edge detection algorithms such as Sobel, Canny, Laplacian of Gaussian, Prewitt, and Robert's. The test is based on the performance of operators with MSE and PSNR, to make comfortable, Signal to Noise Ratio (SNR) also computed. The test images taken for analysis are Lena, Cameraman, Living room, and Pirate. All images are TIFF format and similar resolution of 512 x 512. These benchmark images are globally accepted for the image processing.
The table 1 shows the gray scale images and corresponding experimental resultant edge detected images. All four types of images are included for each algorithm, and resultant images are added to the table. Matlab 8.1 is used for experiment. Matlab is a high-level language and interactive environment for numerical computations, visualization, and programming.
The table 2 shows the PSNR and MSE results of the image lena.tiff, likewise, table 3, 4 and 5 shows results of images cameraman, living room and pirates respectively. Java program is applied to compute PSNR signal. There are four universally standard test images are used for experiment. Matlab used for edge detection, and Java used for PSNR, MSE calculation. After the experiments, come to the conclusion that canny edge detection algorithm provides good performance than others. In next stages, LoG, Prewitt, Sobel and Robert's are ranked. At the same time, comparatively canny takes some more time for processing.
